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Introduction

Colorectal cancer (CRC) is a common malignancy that ranks 
third in all cancers in terms of morbidity and mortality, 
accounting for more than 9% of all cancer incidence.1 
Microsatellite stable (MSS)/microsatellite instable-low 
(MSI-L) is the most common CRC genotype, approximately 
85% of CRC patients are MSS/MSI-L.2 Previous studies 
have shown that MSS/MSI-L CRC is resistant to existing 
immunological checkpoint inhibitors.3 Therefore, under-
standing how to overcome drug resistance and improve 
tumor sensitivity, especially resistance to immunotherapies, 
has important clinical implications.

Immunological checkpoint inhibitor therapies have 
shown promising efficacy in the treatment of a variety of 
malignancies. Regorafenib is a multi-target inhibitor that not 
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only inhibits vascular endothelial growth factor receptor 
(VEGFR) and platelet-derived growth factor receptor 
(PDGFR), but also has inhibitory effects on targets such as 
v-raf murine sarcoma viral oncogene homolog B (BRAF) 
protein.4–6 Irinotecan is an analogue of camptothecin, which 
has extensive anti-tumor activity in vitro and in vivo, and 
plays a pivotal role in the treatment of metastatic CRC.7 
Although a number of immunotherapy-based therapeutic 
methods for the treatment of CRC have recently become avail-
able, the therapeutic effect of these methods on MSS CRC is 
not optimistic and effective treatment is still lacking.3,8,9 Here, 
we report a successful case of combinational immunotherapy 
for MSS/MSI-L typed advanced colon cancer using two 
immune checkpoint inhibitors, nivolumab plus ipilimumab, 
combined with regorafenib and irinotecan.

Case presentation

At the end of May 2019, a male patient, aged 37, presented 
with right lower quadrant pain, decongested with thin stools. 
Positron emission tomography/computed tomography (PET/
CT) results showed upper colon cancer with multiple lymph 
nodes, pelvic peritoneum, liver and bone multiple metasta-
ses, and incomplete intestinal obstruction (Figure 1). On 20 
June 2019, right hepatic colon resection surgery plus liver 
tumor biopsies were performed. The postoperative pathol-
ogy confirmed that the patient had colon adenocarcinoma 
with multiple lymph nodes, pelvic peritoneum, and liver and 
bone multiple metastasis T4N2M1 phase.

Following the above palliative surgery, chemotherapy 
with FOLFIRI regimen (irinotecan 240 mg d1 + 5-fluoroura-
cil 500 mg d1 and 3500 mg ci 46 h + calcium tetrahydrofolate 

600 mg d1) was commenced on 9 July 2019. Approximately 
2 weeks later (22 July 2019), the patient developed pain in 
the right upper quadrant. Serum tumor biomarkers were sig-
nificantly increased (carcino-embryonic antigen (CEA), 
44.56 → 219 ng/mL, cancer antigen (CA)-199, 3756 →  
14,130 U/mL, and CA724, 35.73 → 119.1 U/mL) and liver 
function showed deterioration (alanine aminotransferase 
(ALT) 464 U/L, aspartate aminotransferase (AST) 206 U/L, 
total bilirubin (TBIL) 0.36 mg/dL, direct bilirubin (DB) 
0.23 mg/dL, and indirect bilirubin (IB) 0.13 mg/dL). On 23 
July 2019, abdominal magnetic resonance imaging (MRI) 
scans with enhancement results indicated multiple metasta-
ses in the liver, multiple lymph node metastases in the abdo-
men, pelvis and retroperitoneum, osseous thoracic, lumbar 
vertebrae, upper femoral and pelvic multiple metastases, and 
left upper abdomen small intestine local incomplete obstruc-
tion. Compared with the PET/CT results, the tumor was 
clearly progressive. The following day (24 July 2019), the 
patient exhibited mild yellow staining of the skin and sclera. 
The liver function was checked again, TBIL (0.36 → 1.99 mg/
dL), DB (0.23 → 1.51 mg/dL), and IB (0.13 → 0.49 umol/L) 
were significantly elevated.

Gene sequencing data confirmed that the patient was 
MSS/MSI-L, with the presence of Kirsten rat sarcoma viral 
oncogene (KRAS) (G12V) mutation, BRAF gene (−). Tumor 
mutation burden (TMB) was 13/Mb. Gene sequencing was 
performed by next generation sequencing (NGS). Detailed 
methods can be found in Supplementary Material A. Since 
the immunohistochemistry results showed negative pro-
grammed cell death-ligand 1 (PD-L1) (<1%), (tested on 24 
July 2019) treatment regimen changed to oxaliplatin 
100 mg d1 + nivolumab 200 mg d1 + regofenib 120 mg, 
once a day. On completion of the regimen, symptoms of the 
right upper quadrant pain did not improve, and jaundice 
progressively worsened. On August 5, a review of tumor 
biomarkers (CEA, 219 → 266 ng/mL; CA-199, 14,130 →  
20,181 U/mL; CA724, 119.1 → 146.0 U/mL) showed that the 
tumor was progressive. Therefore, the treatment regimen was 
changed to “Nivolumab 200 mg d1 + ipilimumab 50 mg d1 +  
irinotecan 280 mg d2 + regomafen 120 mg, once daily.” 

Two days after treatment with the new regimen, the 
symptoms of right lower quadrant pain were relieved, and 
jaundice subsided gradually. Four weeks later (4 September 
2019), the liver function was found to be significantly 
improved (ALT 110 U/L, AST 98 U/L, TBIL 0.48 mg/dL, 
DB 0.39 mg/dL, and IB 0.09 mg/dL) (Figure 2). The level of 
tumor biomarkers also significantly reduced (CEA 39.43 ng/
mL, CA-199 8246 U/mL, and CA724 16.78 U/mL, as shown 
in Figure 3). Imaging results confirmed that the size of 
intrahepatic multiple metastases and abdominal pelvic and 
retroperitoneal lymph node metastases became smaller 
compared with the previous MRI scanning results. The 
overall improvement indicated that a partially response 
(PR) was achieved in this patient (Figure 3), the patient 
showing well-tolerance to the combinational treatment. 
After adding regofenib to the treatment regime, there was a 

Figure 1. PET/CT scan of the abdomen. The scan was 
performed at admission, before treatment, showing ascending 
colon cancer with incomplete intestinal obstruction and multiple 
liver metastatic tumors.
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skin reaction in the hands and feet, which was characterized 
by palm-foot erythema with pain. This was the only observed 
adverse reaction during the treatment, which is a grade 2 
adverse event according to the guidelines of Common 
Terminology Criteria for Adverse Events (CTC AE) 5.0. 
After symptomatic management, the rash and pain subsided 
quickly, and the patient was discharged.

Discussion

Currently, genotyping MSS/MSI-L with KRAS gene muta-
tions in advanced CRCs are treated by surgery, radiotherapy, 
chemotherapy, and immunotherapy. For most of the patients 
with advanced metastatic CRC, radical surgery is no longer 

an option. A small number of patients can only be treated 
with palliative surgery. Therefore, the first-line therapies for 
MSS/MSI-L with KRAS mutations advanced CRC are still 
based on chemotherapy or chemotherapy plus targeted ther-
apy. The available options include FOLFIRI, FOLFOX, or 
FOLFOXIRI ± bevacizumab.10 The efficacy of FOLFIRI 
(irinotecan + calcium folic acid + fluorouracil) chemother-
apy for MSS/MSI-L advanced CRC is between 39% and 
56%.11 Patients with KRAS mutation have a poorer clinical 
outcome.11 FOLFOX and FOLFIRI shared similar safety and 
efficacy.12 In addition, in a multicenter phase II clinical trial 
of advanced CRC using bevacizumab combined with 
FOLFIRI versus FORFIRI, the median progressive free sur-
vival (PFS) was found to be 8.5 months in the combination 
group and 5.1 months in the FOLFIRI group. The median 
overall survival (OS) between the two groups was also statis-
tically significant (15.2 months vs 11.3 months, p < 0.01).13 
Bevacizumab combined with FOLFIRI was considered a 
more feasible treatment option, but the disadvantages include 
development of tumor resistance and adverse effect. 
Although immunotherapy shows promising clinical out-
comes in the treatment of a variety of cancer types, immune 
checkpoint inhibitors when used as monotherapy is almost 
ineffective for patients with MSS/MSI-L CRC. The use of 
immune checkpoint inhibitors alone was shown to be effec-
tive for mismatch repair deficient dMMR-microsatellite 
instable-high (MSI-H) CRC, but not for mismatch repair 
pMMR-MSI-L CRC.14,15 In addition, efforts to combine 
immunotherapy with chemotherapy, antiangiogenic therapy, 
and MEK inhibitors failed.16,17

Use of dual immunological checkpoint inhibitors may be a 
feasible alternative approach in the management of MSS/MSI-L 
type CRC. In a large-scale phase II clinical study (CCTG 
CO.26) using a PD-L1 monoclonal antibody, durvalumab, com-
bined with a CTLA-4 monoclonal antibody, tremelimumab, to 
treat 180 patients with refractory CRC (98 were MSS/MSI-L 
type), the findings showed that the OS was prolonged from 
4.5 months in the control group to 6.9 months in the study group 
(p < 0.01).18 The observation that the study endpoints reached a 
statistically different was encouraging; however, the main criti-
cisms of the study included, the prolongation of OS (2.4 months) 
is a relatively brief reprieve, the objective response rate (ORR) 
in this study is relatively low, and there is no prolongation of 
PFS. The overall data suggest that the efficacy of durvalumab 
combined with tremelimumab in the treatment of patients with 
MSS/MSI-L is limited. Nevertheless, the study did suggest that 
combination therapy based on immunotherapy is a potentially 
feasible treatment option.

There is limited information on successful combinational 
therapy for MSS/MSI-L CRC. Here, we report that a patient 
with MSS/MSI-L advanced colon cancer responded well to 
the unique combinational therapy “Nivolumab + ipili-
mumab + regofenib + irinotecan” quadruple regimen. It is a 
successful case of turning the MSS/MSI-L CRC from a 
“cold tumor” to a “hot tumor” enabling the tumor sensitive 
to immunotherapy.

Figure 2. Changes in tumor biomarkers and liver function 
following treatment with different regimens. (a) Serum 
biomarkers. Data from the time of admission were used as 
a baseline (0). All three markers (CEA: carcino-embryonic 
antigen, CA-199: cancer antigen 199, CA-724: cancer 
antigen 724) continued to rise despite surgery and FOLFIRI 
chemotherapy. As a result, the treatment regimen was changed 
to a combination of “Nivolumab + regomafenil + oxali” on 
July 24. The serum level of all three markers continued to 
increased further. However, all five markers’ level declined 
significantly after switching to a new combination therapy 
of “Nivolumab + ipilimumab + irinotecan + regorafenib” 
on 7 August 2019. The levels of CEA and CA-724 reduced 
to baseline within 3–4 weeks. (b) Levels of bilirubin and 
ALT and AST. FOLFIRI chemotherapy did not show any 
effect in controlling the rise in bilirubin. The treatment 
regimen changed on July 24 was ineffective. However, 
the bilirubin level declined sharply after switching to the 
“Nivolumab + ipilimumab + irinotecan + regorafenib” regimen on 
7 August 2019.
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Figure 3. Comparison of abdominal MRI images before (a) and after (b) effective treatment. Images in panel (a) were taken on 23 July 
2019 while panel (b) images were from scanning on 4 September 2019, 4 weeks after the reported combinational therapy. A significant 
reduction in all multiple liver metastatic tumor masses was observed.

In this case report, the patient’s cancer genotyping was 
MSS/MSI-L with the presence of a KRAS (G12V) mutation, 
BRAF gene (−), which is considered as an immunologically 
cold (non-T-cell-inflamed) CRC. This type of cancer is usu-
ally non-responsive to immune checkpoint inhibitors (ICI) 

even with a relatively high TMB.19 In addition, the presence 
of the KRAS (G12V) gene mutation is one factor contribut-
ing to poor prognosis in patients with CRC, making the treat-
ment more challenging. When the KRAS gene is mutated, the 
abnormal RAS protein is not regulated by the upstream 
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epidermal growth factor receptor (EGFR) signal and initiate 
downstream signal transduction, hence promoting tumor cell 
abnormally proliferation, tumor growth, and metastasis.8,20 
Therefore, patients with CRC presenting with the MSS/
MSI-L type/KRAS (G12V) mutation, similar to this patient 
case report, usually have a very poor prognosis. Successful 
treatment options for these patients are lacking.2,21

Despite huge advances in the treatment of MSS/MSI-L 
CRC, clinical outcomes have been disappointing. Advanced 
treatments including mono-immunotherapy, and combination 
immunotherapy (immunotherapy combined with chemother-
apy and anti-angiogenesis therapy, or combined with MEK 
inhibitors), still result in poor prognosis.15–17 Therefore, there 
is huge potential to explore alternative effective treatment 
options for the MSS/MSI-L CRC patients. In exploring an 
effective treatment for the patient in this case, initially, 
“FOLFIRI regimen” chemotherapy was given empirically on 
the 19th day post-surgery. The treatment was not effective in 
controlling the tumor progression. Considering the reported 
efficacy of regorafenib in combination with nivolumab in the 
treatment of patients with advanced CRC of MSS,22 we 
changed the treatment based on “Rigofini + nivolumab” 
combined therapy. In order to control the rapid progress of 
the tumor, oxaliplatin was added to form a triple therapy. This 
triple combination therapy was not effective in this patient 
and tumor progression continued. Inspired by previous pre-
clinical studies, showing that dual immunological checkpoint 
inhibitors were effective in melanoma and non-small cell 
lung cancer,23–26 we developed a unique combinational ther-
apy by adding a PD-L1 inhibitor, ipilimumab, into the origi-
nal treatment protocol. In addition, taking into account the 
importance of irinotecan in the treatment of intestinal cancer, 
irinotecan replaced oxaliplatin in the final protocol.

Treatment of “Nivolumab + ipilimumab + irinotecan +  
regofenib” was started 2 weeks after the second course of 
chemotherapy. Following treatment using this new combina-
tional treatment protocol, the symptoms of the patient were 
significantly relieved on the second day after treatment. The 
Karnofsky Performance Status (KPS) scores improved from 
10 to 90 within 3 weeks after the treatment. The jaundice 
subsided on a daily basis, and all tumor-indicating biomark-
ers were significantly improved after 2 weeks. Four weeks 
after treatment, multiple metastases tumors shrunk signifi-
cantly (Figures 2 and 3), confirming that a partial response 
(PR) treatment outcome was achieved.

In understanding why the final protocol was effective in 
the treatment of this case patient with an MSS/MSI-L/KRAS 
(G12V) mutation, it has been suggested that the addition of 
chemotherapeutic drugs into the immunotherapy regimen 
conferred an advantage by promoting a more effective 
immune response. Previous clinical studies have shown that 
chemotherapy not only interrupts the activity of the inhibi-
tory immune cells, such as regulatory T cells (Treg), myeloid 
suppressor cells (MDSC), and tumor-associated mac-
rophages (TAM), but also promotes the expansion and acti-
vation of immune effector cells, such as T cells, natural killer 

cells and dendritic cells, in order to promote the immune 
response.27–31

Conclusion

The positive outcome of this case study suggests that combi-
national therapy, combining checkpoint inhibitors, targeted 
therapy and chemotherapy, is effective in treating MSS/
MSI-L advanced CRC, providing a more effective treatment 
option for refractory advanced colon cancer patients. This 
report also encourages further research into immunotherapy 
of immuno-insensitive colon cancer and supports clinical tri-
als of dual immunological checkpoint inhibitors combining 
targeting drugs and chemotherapeutic agents for MSS/
MSI-L advanced colon cancer.
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